Shiftwork, the need to periodically work evening and night shifts, is a firmly established labor pattern that affects many workers as well as the occupational health nurses caring for them A recent survey by the National Center for Health Statistics revealed that over 27% of male workers and 16% of female workers in the United States rotate between day and night shifts (Danchick, Schoenborn, & Ellison, 1979) .
Studies of shiftworkers have shown that shiftwork, particularly night and rotating shiftwork, has significant adverse effects on workers' health, performance, and well-being. The main cause for these negative effects is believed to be shiftwork's persistent disruption of the workers' daily biological, or circadian, rhythms (Moore-Ede & Richardson, 1985) . Research into circadian rhythms and shiftwork has found a number of factors which appear to affect workers' adjustment to shiftwork. This research has also shown that certain of these adjustment factors can be manipulated to improve worker adaptation to shiftwork.
By learning about the effects of shiftwork and the potential methods for improving workers' adjustment to it, occupational health nurses will be better prepared to meet the needs of this special worker group. In this article the specific effects of shiftwork on workers' health, performance, and well-being will be discussed. Included will be an explanation of how shiftwork disrupts the worker's normal state of rhythmic functioning and a look at some of the factors which can influence workers' adjustment to shiftwork. Following that discussion, strategies for improving shiftworker adjustment will be explored, along with their implications for occupational health nurses. APRIL 1986j VOL. 34, NO 4 Shiftworkers report higher levels of psychosomatic complaints and approximately twice the number of complaints with irritation and strain.
HOW SHIFlWORK DISRUPTS THE WORKERS' CIRCADIAN RHYTHMS
Most workers follow a regular diurnal scheou'e. they work and are active during the daytime, and rest and sleep during the night. When workers follow this regular daily schedule, their circadian rhythms become, and then remain, synchronized to their diurnal working schedule. Shiftworkers, on the other hand, follow an irregular, often nocturnal schedule, by periodically working and being active during the evening and night hours, and trying to rest and sleep during the day hours. Unfortunately, shiftworkers rarely, if ever, fully resynchronize their circadian rhythms to their shiftwork schedule because they do not maintain regular daily hours of rest and activity Shiftworkers only add to this irregularity when they revert to diurnal schedules on their days off.
The desynchronization of the workers' circadian rhythms by shiftwork is in some ways similar to the temporary desynchronization caused by jet travel, a condition commonly known as "jet lag." The difference between shiftwork and jet travel, however, is that while jet travelers' circadian rhythms soon fully resynchronize to their new time zones, shiftworkers' circadian rhythms usually do not fully resynchronize to their new work schedules. This persistent desynchronization, the early symptoms of which are often identical to those of jet lag, can eventually lead to stress and strain, resulting in diminished worker health and performance.
SHIFlWORK AND HEALTH
To measure the effects of shiftwork on health, special types of research studies have been required. Standard studies which examine worker morbidity, mortality, health clinic visit, and absentee rates, have not always provided an accurate reflection of shiftworkers' health because shiftworkers are a self-selected group whose work environment is often different from that of day workers (Frese & Okonek, 1984) .
This self-selection factor plays an important role in determining which workers enter into and remain in shiftwork. Certain types of people are more likely to choose shiftwork because of the higher pay they receive for working evening and night shifts. Shiftworkers also tend to be younger (and thus healthier) because worker seniority systems usually move the older workers into daytime supervisory positions. Finally, an estimated 20% of new shiftworkers return to day work because they do not tolerate the schedule changes required by shiftwork (LaDou, 1982) . Thus the shiftworker may be quite different from the permanent day worker, making direct comparisons of their health invalid.
Certain aspects of the shiftworkers' job environment also affect measurements of workers' health. Shiftworkers may not call in sick as often as day workers because the shiftworkers may be more concerned with overburdening their fellow employees, who would then be required to carry a larger share of the work, day workers do not usually have this concern because there is a larger pool of workers available to share the workload. Policies regarding employee compensation for sick time may mask actual differences among various types of shiftworkers because unused sick time is often used for extra income or as a way of increasing vacation time. In addition, employee health clincs and medical dispensaries may not be open or may function at a reduced level during the off-shift hours, artificially reducing the number of recorded health visits for night and rotating shiftworkers.
A particularly useful method for studying shiftworkers' health, which avoids manyof the aforementioned measurement problems, is to study former shiftworkers who leave shiftwork to work during the daytime. In a recent study using this method (Frese & Okonek, 1984) , former shiftworkers were divided into three groups: those who left shiftwork for primarily health-related reasons, those who left shiftwork for other reasons, and those who left shiftwork for combined health and other reasons. Of the 261 shiftworkers in the study, nearly half (122) left for primarily health-related reasons, and, when compared with the other shiftworkers in the study, those workers who left for primarily health-related reasons had more than twice the number of health problems within the preceding two years and over three times the number of cardiovascular complaints.
Despite the difficulties researchers encounter when studying shiftworkers' health, certain medical conditions and illnesses show consistently higher rates among night and rotating shiftworkers. A number of studies comparing the health of rotating and night shiftworkers with that of day workers have found higher rates of gastrointestinal complaints and peptic ulcer disease among the shiftworkers (Moore-Ede & Richardson, 1985) . Some of the factors which appear to contribute to higher rates include: the altered mealtime schedules required by shiftwork, shiftworkers' increased use of alcohol and tobacco, and shiftwork's disruption of workers' regular circadian secretion of intestinal enzymes.
Psychoneurotic disorders also appear to occur more frequently among shiftworkers, although the possible causes for this higher incidence are still under investigation. In one study of textile workers, employees with exposure to night shiftwork, when compared to permanent day workers, were 5 to 15 times more likely to suffer from symptoms of 162 (Costa, Apostoli, d'Andrea & Gaffuri, 1980) , In evaluating these findings, however, one must also consider other factors which could contribute to the shiftworkers' higher rates of psychiatric illness. Shiftworkers, when compared to day workers, are often less educated, have lower socioeconomic status, and work at more routinejobs with higher levels of environmental stress; these factors have all been shown to also increase the potential for later psychiatric problems.
Higher rates of cardiovascular risk factors and disease have been associated with shiftwork. A study of Swedish men showed that those men with a history of myocardial infarction (M!) were significantly more likely to have been shiftworkers than those men without a history of MI (Alfredson, Karasek, & Thorell, 1982) , Orth-Gomer (1983) , in a study of policemen, showed that the modification of shift rotation schedules can significantly decrease the levels of triglycerides, glucose, urinaryexcretion of catecholamines, and systolic blood pressure, all known coronary risk factors.
Additionally, the altered medication, mealtime, and sleeping schedules required by shiftwork can aggravate certain chronic diseases such as diabetes mellitus, epilepsy, asthma, hypertension, and thyrotoxicosis (Hoskins 1981· LaDou, 1982 . Shiftworkers with these ' medical conditions have received special attention from the occupational health community While some specific drug administration and mealtime schedules have been developed for these workers (Sanborn, Currie, & Bailey, 1982) , it has been generally recommended that these individuals avoid night and rotating shiftwork, or, if absolutely necessary, do so only under the close supervision of an occupational health specialist (LaDou, 1982; Hoskins, 1981) .
SHIFlWORK AND PERFORMANCE
It has also been somewhat difficult to determine the effects of shiftwork on performance. While shiftworker selfselection has hindered studies of shiftworker health, studies of shiftworker performance have been held back by union and management reluctance to cooperate and their fear of having the results of performance studies made public (Colligan, Smith, Hurrell & Tasto, 1979) , Despite these problems, there is sufficient evidence to show that worker performance is significantly impaired by shiftwork.
Significant reductions in shiftworker performance occur primarily during the night shift, and have been demonstrated in telephone operators who show diminished response speeds, meter readers whose accuracy deteriorates, train engineers who fail to respond to alerting signals, and single-vehicle truck operators whose accident rates increase (Akerstedt, 1984) . Two particularly disturbing examples of impaired shiftworker performance may be the 1979 accident at the Three Mile Island (TMI) nuclearpower plant and the recent report of a "night shift paralysis" among night workers.
Studies of the accident at TMI, which occurred at 4:00 AM, have cited worker fatigue from a weekly rotating shift schedule as a possible contributing factor to the operator errors which precipitated the mishap(U.S. President's Commission Report, 1979; Ehret, 1980) , Even more disturbing is the fact that today manyworkers still remain on these same weekly rotating shift schedules, schedules that have been shown to promote circadian rhythm disruption and impairments in worker performance and safety
In a recent investigation of night nurses' circadian rhythms, a previously unreported syndrome was discovered that appears to prevent certain night shiftworkers from performing their jobs for several minutes at a time (Folkard, Condon, & Herbert, 1984) . In the study, 12% of the nurses reported that they had experienced the syndrome, which was characterized by a temporary gross motor paralysis lasting an average of about four minutes, during which they were totally unable to move. The paralysis typically occurred in the early morning hours while the nurses were sitting at their desks, performing tasks such as reading or writing. While further investigation of this "night shift paralysis" will be necessary to better document its occurrence, the safety implications of such a paralysis are obvious, the researchers who conducted the investigation report that they are planning a similar study of air traffic controllers.
SHIFTWORK AND WELL-BEING
The shiftworker's sense of well-being is of major importance in assessing the full impact of shiftwork since the worker's sense of well-being affects his health, performance, and overall tolerance of shiftwork. Shiftworkers' sense of well-being, as defined by Akerstedt and Torsvall (1978, p. 849) , is "the selfreported prevalence of minor health problems (complaints) associated with shiftwork." Instead of measuring actual disease, shiftworker well-being focuses on subjective assessments of workers' sleep, social life, irritation and strain, and psychosomatic complaints.
One of the most common complaints voiced by shiftworkers is that shiftwork disrupts their social life. Studies have found shiftworkers to have significantly lower participation rates in social organizations, engage in more solitary activities, report higher incidences of family and sexual problems, and have higher rates of divorce than day workers (Dunham, 1977) .
Shiftworkers also report higher levels of psychosomatic complaints and approximately twice the number of complaints with irritation and strain (Frese & Okonek, 1984) . Some examples of the types of complaints shiftworkers more frequently report include: "having headaches," "having stomach problems," "feeling tired and worn out the whole APRIL 1986; VOL. 34, NO. 4 
Age of worker
day," "feeling like a nervous wreck," and "being quickly angered."
The inability of shiftworkers to adjust to shiftwork, and their diminished wellbeing, may also be reflected in the higher rates of alcohol abuse that have been found in these workers. In a crosssectional survey of Canadian workers, male shiftworkers reported twice as many serrous drinking problems as male non-shiftworkers (Smart, 1979) .
A related measure of shiftworker wellbeing is job and shift schedule satisfaction. Shiftworkers typically report lower levels of job satisfaction and more complaints with their working hours. Two recent studies have also shown that shiftworkers prefer shift rotation schedules which follow circadian rhythm principles over schedules which do not take workers' biological rhythms into account ((zeisler, Moore-Ede, & Coleman, 1982; Orth-Gomer, 1983 ).
FACTORS INFLUENCING ADJUSTMENT TO SHIFTWORK
A number of factors appear to affect workers' adjustment to shiftwork. Some of the more important ones are: the type of shift schedule worked, the sequence and frequency of shift schedule changes, the degree to which workers adjust their social, dietary, and sleeping habits to coincide with their shift schedule, and the age of the worker.
Workers generally do not have difficulty adjusting to evening shiftwork or to shift schedules which alternate between day and evening shifts, because circedian rhythm disruption is minimal The types of shiftwork which do cause significant adjustment problems are permanent night shiftwork and rotating shiftwork which requires night duty
The sequence and frequency of shift schedule changes has an important effect on worker adjustment. Research has shown that rotating shiftworkers are unable to adjust to shift schedules which change more frequently than once every two to three weeks ((zeisler, -Ede, & Coleman, 1982) . Periods of less than two to three weeks do not allow sufficient time for workers' circadian rhythms to resynchronize to a new shift assignment. Unfortunately, weekly rotating shift schedules are still commonplace in American industry
Moore
Studies have also shown that shift rotation schedules which are designed to change clockwise (days, evenings, nights) are better tolerated than shift rotation schedules which change counterclockwise (days, nights, evenings) (Rose, 1984) The underlying rationale for this clockwise scheduling method is that the human circadian system, when removed from the influence of regular daily schedules, also advances clockwise.
Rapid rotation schedules, where shifts change daily or every other day, do not allow any time for workers' circadian rhythms to readjust and thus keep workers synchronized to their usual diurnal schedule. These schedules, while significantly impairing workers' performance during the night shift, appear to be somewhat less disruptive, and are often preferred by shiftworkers (Ehret, 1980) Rapid rotation schedules may not be advisable, however, in work settings where complex cognitive tasks and heightened worker attentiveness are required.
A frequent question facing shiftworkers, especially those working night and rotating shifts, is how to schedule daily patterns of sleep, eating, and social activity Recent evidence suggests that day-to-day consistency in these patterns can help to foster adjustment to shiftwork (Minors & Waterhouse, 1983) . This may be especially important on the worker's day of( when workers often return to their previous schedule or to those of family and friends.
Finally, age appears to affect adjustment to shiftwork. Studies show that older workers, particularly those over the age of 45, have greater problems adjusting to shiftwork (Akerstedt & Torsvall, 1981) . Possible explanations for this relationship between age and adjustment may be found in studies of the circadian system and sleep, which show increasing age to be associated with greater circadian asynchrony and sleep disruption (Collings, 1983) ,
STRATEGIES FOR IMPROVING ADJUSTMENT AND THEIR IMPLICATIONS
For the majority of workers, shiftwork may be perceived as nothing more than an inconvenience, an obligation they must fulfill in order to meet the requirements of their job. For occupational health nurses, however shiftwork represents a source of potential problems which may significantly affect the workers' ability to function effectively One of the most important ways in which occupational health nurses can begin to improve the adjustment of shiftworkers is to assess their workplace's shiftwork schedules and determine how often shift assignments change and in what sequence. Should shift rotation schedules change weekly or counterclockwise, attempts at changing those schedules should be considered.
Occupational health nurses need to become familiar with the common health problems associated with rotating and night shiftwork so they can focus their worker assessments in these areas. Potential problems to be assessed include gastrointestinal disorders, cardiovascular disease, and psychoneurotic illnesses, Other areas for concern are the worker's ability to obtain sufficient sleep, difficulties in scheduling family and social activities, potential problems with marital and sexual relationships, and the maintenance of a regular balanced diet while working evening and night shifts.
Of particular concern are shiftworkers with preexisting health conditions that require special dietary and medication regimens. Workers with diabetes, asthma, epilepsy, hypertension, or thyrotoxicosis should be advised to consider perma-
For occupational health nurses, shiftwork represents a source ofpotential problems which may significantly affect workers' ability·to function effective!}'.
nent day or evening work, or otherwise be under the close supervision of an occupational health specialist who can prescribe medication and mealtime schedules specific to the worker's shift and lifestyle schedule. In addition, older workers, especially those over the age of 45, should receive special attention as they may also be more liable to experience problems adjusting to shiftwork.
Besides the specific recommendations just described, occupational health nurses can provide workers with a number of general suggestions for improving their adjustment to shiftwork. During each shift assignment, workers should be encouraged to maintain, as much as possible, a regular daily schedule of activity and sleep, especially on workers' days off. Meals should be taken at approximately the same time each day, and provide a full balanced diet. Because shiftwork is stressful, workers should taught to take special care in maintaining a healthy lifestyle, a lifestyle which includes regular exercise, proper diet, and sufficient restful sleep.
Occupational health nurses will be better prepared to diagnose and treat workers' responses to shiftwork by learning about shiftwork and its effects on the worker. Although shiftwork is necessarily stressful, that stress can be reduced by arranging shift schedules so they follow circadian rhythm principles and by teaching workers methods for improving their adjustment to shiftwork. By incorporating these methods into practice, occupational health nurses will contribute to improvements in the health, performance, and well-being of shiftworkers.
